The thermal denaturation of DNA from cell lines extensively substituted with bromodeoxyuridine has been examined spectrophotometrically over a wide range in ionic strength and by thermal elution from hydroxyapatite columns. BrdU substitution stabilizes DNA at all ionic strengths between 7.5 mM and 1350 mM potassium ion concentration, although a plot of log ionic strength vs Tm deviates from linearity above 150 mM, This nonlinearity is most pronounced with BrdU-substituted DNAs, resulting in a lowered ATm between unsubstituted and substituted DNA with increasing ionic strength. DMSO is shown to decrease the Tm of both unsubstituted and BrdU-substituted DNA equally, at a rate of ,5°C per 1% DMSO.
INTRODUCTION
5-Bromodeoxyuridine (BrdU) can be incorporated in place of thymidine into the DNA of mamma H a n cells grown in culture, generally resulting in several disruptive effects on cell growth and metabolism. For example, BrdU has been shown to act as a mutagen (1) , to increase the binding affinity of chromosomal proteins to substituted DNA (2) , and to generally inhibit the expression of differentiated cell functions (3) . As an analog of thymidine, it is thought that many of the disruptive effects of BrdU are directly related to its incorporation into DNA. Cells which are unaffected by growth in the presence»of BrdU are generally found to lack cytoplasmic thymidine kinase (4), and are therefore unable to supply the analog as a precursor for DNA synthesis.
We have reported on the isolation of two cell lines which survive with high levels of BrdU substitution for thymidine in nuclear DNA (5, 6) . One line, called B4, is BrdU-dependent and contains DNA which is ^60% substituted Thermal Denaturation. The absorbance of the DNA samples in potassium phosphate buffer was determined using a Gilford 2400 recording spectrophoto-meter. The temperature of the cuvette chamber was controlled by the circulation of ethylene glycol from a thermostated Haake bath through the cuvette housing and the temperature was raised at a constant rate of 0.5°C per min through a motorized drive attached to the Haake thermostat control. The spectrophotometer provides a direct read-out of the temperature within the cuvette chamber which was further calibrated by insertion of a thermistor into a cuvette containing only buffer, thus allowing for a correction of the Tm.
3 cm quartz cuvettes with a 1 cm light path were used throughout. Sample volume was 0.5 ml and the solution was overlaid with silicone oil to prevent evaporation. The cuvettes were degassed under vacuum for a minimum of 2 hr prior to beginning the melt. Solvent evaporation during all stages of the melt was determined to be less than 0.5%.
A jacketed column was used for all hydroxyapatite thermal elutions. The temperature was controlled by the circulation of water from a Haake thermostatically controlled water bath and measured by a calibrated thermometer immersed in the column buffer. The temperature could be read to 0.1°C and was raised in approximately 3°C increments. Column operation is essentially as described by Miyazawa and Thomas (13) . The column bed consisted of 0.5 ml of hydroxyapatite (packed volume). To load the column, the sheared, labeled DNA was added at 60°C in 5 ml of 80 mM PB. After three washes with 80 mM PB at 60°C the temperature elution commenced. Greater than 95% of the DNA, as assayed by radioactivity, bound to the column under these conditions. For thermal elution, 5 ml aliquots of 80 mM PB were added and the temperature increased by about 3°C. Temperature equilibration took up to 5 min and after 10 min the solution was drained off and replaced by another 5 ml of buffer which was held for a further 10 min at the same temperature and then drained.
This procedure removed approximately 90% of the radioactivity that could be eluted at that temperature. This was repeated up to the final temperature point of approximately 94°C, at which stage less than 3% of the DNA remained on the column. Each 5 ml sample was precipitated by the addition of 1 ml of 50% TCA and 100 ul salmon sperm DNA (1 mg/ml) as carrier. Samples were collected on Whatman GF/A filters, washed with 5% TCA followed by ethanol, dried, and counted in LSC (Yorktown).
RESULTS
Optical Melting. Characteristic melting profiles determined spectrophotometrically for 3460, B4 and HAB cell DNA are shown in Fig. 1 . Similar profiles are given for the synthetic copolymers, poly dAT-dAT and poly dABUdABU. The salt concentration used for these melts ranges from 5 mM to 900 mM phosphate buffer (i.e., 7.5 mM to 1350 mM in potassium ion concentration).
It is evident that at all salt concentrations examined the order of thermal stability is HAB>B4>3460 DNA. Similarly, poly dABU-dABU is consistently more stable than poly dAT-dAT.
The corrected T m s of the cellular DNAs and synthetic copolymers at the potassium concentrations tested are given in Table I . These values are plotted against the log of the potassium concentration in Fig. 2 . This relationship is a linear one for the natural DNAs up to 150 mM potassium after which an increasing deviation from linearity may be observed. This is particularly pronounced with HAB DNA. The effect of this deviation is that the ATm between the DNA samples decreases at higher ionic strengths. Thus, Table 100 Using the relationships of Schildkraut and Lifson (17) to calculate G + C content from Tm, we calculate that 3460 DNA has a G + C content of 40%. This value agrees well with typical mammalian DNAs (18) but is in sharp contrast to the value of 45% G + C we have routinely determined by direct base analysis (6, 19) . This discrepancy is the subject of continued investigation.
Fig. 2. Dependence of Tm on potassium ion concentration for 3460 ( • ) , B4 ( o ) , HAB (A) c e l l DNA, and for poly dAT-dAT (•) and poly dABU-dABU ( a ) .
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In agreement with previous results (10,15), we observe that the sharpness of melt of the natural DNAs increased with increasing ionic strength, while that for the artificial copolymers decreased (Table II) 
